Objective: Studies have demonstrated that Tai Chi exercise improves blood lipid level with inconsistent results. A meta-analysis was conducted to quantify the effects of Tai Chi on blood lipid profiles in humans. Methods: We screened the databases of PubMed, EMBASE, Cochrane Library (Central), Web of Science, China National Knowledge Infrastructure (CNKI), Wanfang data, and Clinicaltrials.gov for randomized controlled trials with Physiotherapy Evidence Database (PEDro) score more than 3 points up to June 2015. Six studies involving 445 subjects were included. Most trials applied 12-week Tai Chi intervention courses. Results: In comparison with the control group, blood triglyceride (TG) level difference between follow-up and baseline was statistically significantly lower in the Tai Chi practicing group (weighted mean difference (WMD) −16.81 mg/dl; 95% confidence intervals (CI) −31.27 to −2.35 mg/dl; P=0.02). A trend to improving total cholesterol (TC) reduction was found with Tai Chi (WMD −7.96 mg/dl; 95% CI −17.30 to 1.39 mg/dl; P=0.10). However, no difference was found in blood low-density lipoprotein cholesterol (LDL-C) or high-density lipoprotein cholesterol (HDL-C). Conclusions: Tai Chi exercise lowered blood TG level with a trend to decrease blood TC level. Our data suggest that Tai Chi has the potential to implement meaningful blood lipid modification and serve as an adjunctive exercise modality. The relationship between Tai Chi exercise regimen and lipid profile change might have a scientific priority for future investigation.
Introduction
Dyslipidemia is a strong risk factor for coronary heart disease (CHD) and stroke, which was proven by previous clinical investigations (Mozaffarian et al., 2015) . Elevated blood total cholesterol (TC), lowdensity lipoprotein cholesterol (LDL-C) or triglycerides (TG), and decreased blood high-density lipoprotein cholesterol (HDL-C) are associated with high incidence and worse prognosis (Reiner et al., 2011; Stone et al., 2014; Hu et al., 2015) . Pharmaceutical therapy based on lifestyle modification plays an important role in dyslipidemia treatment, but accompanies with residual risks and potential adverse effects (Nicholls et al., 2014) . Most positive observations from complementary and alternative medicine (CAM) therapies, such as Tai Chi exercise, were ever considered a placebo effect. However, growing evidences demonstrated the beneficial role of CAM in dyslipidemia and cardiovascular diseases, especially in those who participated in randomized clinical trials (Walach and Jonas, 2004; Frishman et al., 2009) .
Tai Chi, originating from ancient China, is a form of physical exercise related to martial arts. It harmonizes Yin and Yang by slow and flowing movements with deep breathing and meditation (Frishman et al., 2009) . Recently Tai Chi gained worldwide popularity as a consequence of multifaceted physical and psychological benefits, especially for the older population (Wayne and Kaptchuk, 2008) . Studies have shown that Tai Chi improves lower extremity muscle strength and balance, prevents falls, and relieves pain (Hui et al., 2015) . Tai Chi enhances aerobic capacity, immune function, and endothelial function (Frishman et al., 2009) . Furthermore, Tai Chi exercise reduces CHD and stroke risks by benefiting the lowering of blood pressure and possibly lipid modification (Dalusung-Angosta, 2011) .
The effects of Tai Chi on blood lipid in patients with dyslipidemia have been investigated in several randomized controlled trials (RCTs) (Tsai et al., 2003; Thomas et al., 2005; Lam et al., 2008; Zhang and Fu, 2008; Chen et al., 2010; Lu and Kuo, 2012) . However, the sample sizes are relatively small, and results remain inconsistent and inconclusive. It is necessary to summarize current evidence regarding the effectiveness of Tai Chi on lipid levels in individuals. Our meta-analysis was conducted to address whether Tai Chi is an effective physical activity that improves blood lipid levels.
Materials and methods
We performed the meta-analysis according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement (Moher et al., 2009) .
Literature search
The online databases PubMed, EMBASE, Cochrane Library (Central), Web of Science, China National Knowledge Infrastructure (CNKI), Wanfang data, and Clinicaltrials.gov were searched from their inception until June 2015 for relevant studies. If there are missing data or duplicated data in multiple publications to be clarified, authors were contacted.
Search strategy
A combination of the following terms was employed in the search strategy: (lipid or lipidemia or dyslipidemia or hyperlipidemia or cholesterol or hypercholesterolemia or lipoprotein or dyslipoproteinemia or hyperlipoproteinemia or LDL or low density lipoprotein or HDL or high density lipoprotein or triglyceride or hypertriglyceridemia) and (Tai Chi or taichi or tai-chi or tai ji or taiji or tai-ji or t'ai chi or taijiquan or taichiquan). The wile-card term "*" was applied. We imposed no language restrictions.
Eligibility
Original studies were included if the following criteria were met: (1) included adults 18 years or older; (2) were RCTs with ethical approval addressed; (3) investigated and reported the impact of any style of Tai Chi on blood concentrations of at least one of the lipid measures including TC, LDL-C, HDL-C, or TG; (4) had a duration of at least 4 weeks; and, (5) Physiotherapy Evidence Database (PEDro) score of the trial more than 3 points. Two reviewer authors (X.H. Zhang and Y.P. Wang) independently screened all the retrieved titles and abstracts, and then independently reviewed the full text of potentially relevant papers and conducted data abstraction. If disagreements persisted, a third review author (X.H. Pan) was consulted to reach consensus.
Data extraction and synthesis
The authors extracted data by a pre-piloted data form: first author, year of publication, study location, study purpose, participant characteristics, the details of Tai Chi (type, number of forms, duration, frequency, training length), circulating concentrations of blood lipids, and other outcome variables (baseline, post-intervention, and change values, if available).
Plasma lipid concentration values were collated in mg/dl. While expressed in mmol/L, the data of cholesterols (TC, LDL-C, HDL-C) and TG were multiplied by 38.6 and 88.5, respectively (Reiner et al., 2011) . Change in post-intervention mean was calculated by substracting the baseline from follow-up values. When data on standard deviation (SD) were not available after contacting the authors, imputation was used to approach it (Higgins and Deeks, 2011) .
Quality assessment
Study quality was assessed using a modified PEDro scale (http://www.pedro.org.au/english/downloads/pedroscale) based on eligibility criteria, random allocation, concealed allocation, baseline similarity, blinding of participants, blinding of therapists, blinding of assessors, follow-up, intention-to-treat analysis, between-group statistical comparisons, and point measures and measures of variability (Maher et al., 2003) . The evidence was hence categorized into three levels: low quality (0-3 points), moderate quality (4-7 points), and high quality (8-10 points). When the trial was deemed to be low quality, it was excluded (Verhagen et al., 1998) .
Two reviewers (P. Hu and J.B. Jiang) independently assessed eligible studies for quality scores. Any discrepancies were discussed with a third reviewer (M.X. Xiang) until consensus was reached.
Statistical analysis
Review Manager software version 5.3 (the Nordic Cochrane Centre, the Cochrane Collaboration, Copenhagen, Denmark) and STATA 12.0 (Stata Corporation, College Station, TX, USA) were used for statistical analyses. Results were presented as weighted mean difference (WMD) with 95% confidence interval (CI). Heterogeneity across studies was assessed by the Cochrane Chi-square test and I 2 statistic. It was categorized into no, low, moderate, and high heterogeneity with an I 2 statistic of <25%, 25%-50%, 50%-75%, and >75%, respectively.
Significance value was set at Cochrane Chi-square P<0.1 or I 2 >50% (Higgins et al., 2003) . A randomeffects model (REM) or a fixed-effects model (FEM) was applied when the heterogeneity was notable or not. Sensitivity analysis was implemented to assess the influence of individual trial by successively omitting each trial one at a time. Risk of publication bias was not evaluated due to limited study number (<10) (Pan et al., 2013) . A P-value <0.05 indicated statistically significant difference.
Results

Study selection
As shown in Fig. 1 , of the 391 studies yielded by initial search, 86 were excluded at first inspection as duplicates, 103 were removed after reading titles, and 130 were removed after reading abstracts. Seventytwo studies were identified as potential inclusions. After full-text reviews, 22 trials were not randomized controlled design, and 38 trials were of low quality according to PEDro score. Three trials were excluded for Tai Chi combined with other interventions, no baseline data including lipid profiles were reported in Records excluded on title (n=103): 63 comments, reviews or editorial 1 adolescent and child 7 animal or in-vitro studies 32 not relevant one trial, and it was not possible to extract lipid data from the outcomes in two trials. Six randomized placebo-controlled trials (Tsai et al., 2003; Thomas et al., 2005; Lam et al., 2008; Zhang and Fu, 2008; Chen et al., 2010; Lu and Kuo, 2012) fulfilled the inclusion criteria and were included in the final meta-analysis.
Characteristics of included studies
Six studies were included in the analysis representing a total sample of 445 participants. The included studies were all RCTs published in English, with one study being reported as blinded to assessors (Lam et al., 2008) .
The characteristics of included studies are presented in Table 1 . Most of the subjects were elderly Chinese. Subject characteristics included type 2 diabetes (Lam et al., 2008; Zhang and Fu, 2008; Chen et al., 2010) and obesity (Chen et al., 2010) . The trial including obese subjects reported a significant reduction of body mass index (BMI) after practicing Tai Chi (Chen et al., 2010) . No significant changes in BMI were reported in the remaining studies. Two studies reported that participants were advised to maintain their diet (Tsai et al., 2003; Chen et al., 2010) . Regarding the type of Tai Chi, the Yang style was applied in 5 of the 6 studies (Tsai et al., 2003; Thomas et al., 2005; Lam et al., 2008; Zhang and Fu, 2008; Lu and Kuo, 2012) , and one of them was mixed with Sun style (Lam et al., 2008) . Chen style was introduced in one study (Chen et al., 2010) . The forms of Tai Chi varied from 13 to 108 forms. The Tai Chi treatment programs ranged from 12 weeks to 12 months, and most were of 12 to 14 weeks' duration (Tsai et al., 2003; Zhang and Fu, 2008; Chen et al., 2010; Lu and Kuo, 2012) . Session length ranged from 40 to 60 min. Tai Chi training was usually practiced 3-5 times per week (Tsai et al., 2003; Thomas et al., 2005; Zhang and Fu, 2008; Chen et al., 2010) . However, participants were asked to attend Tai Chi training every day in the trial of Lu and Kuo (2012) . Usual care (Tsai et al., 2003; Thomas et al., 2005; Zhang and Fu, 2008; Lu and Kuo, 2012) or waitlist control (Lam et al., 2008) was the most common control group. Tai Chi exercise was compared to conventional exercise in the trial of Chen et al. (2010) . All studies reported changes in lipid profiles including TC, LDL-C, HDL-C, and TG, except for the trials by Lam et al. (2008) and Chen et al. (2010) . No studies reported major cardiovascular events. Good compliances were reported in all studies with no adverse events from Tai Chi practicing.
The majority of trials were of medium quality according to the PEDro scale, i.e., included articles had a PEDro score of 5 or 6 points, indicating moderate quality evidence.
Effect of Tai Chi on TC
All 6 trials reported data of TC change following the Tai Chi practicing program in 445 participants. Pooled blood TC level difference between follow-up and baseline decreased by WMD −7.96 mg/dl in the Tai Chi group compared with the control group with no significant difference (REM: 95% CI, −17.30 to (Fig. 2) . Sensitivity analyses were subsequently performed to explore the origin of heterogeneity. Exclusion of the trial conducted by Thomas et al. (2005) changed the results, but did not resolve the heterogeneity (WMD −11.09 mg/dl; 95% CI −19.68 to −2.50 mg/dl; P=0.01; I 2 =51%; P for heterogeneity is 0.08). Exclusion of the other trials did not materially alter results or heterogeneity.
Effect of Tai Chi on LDL-C
LDL-C levels were reported in 4 trials with 288 participants (Tsai et al., 2003; Thomas et al., 2005; Zhang and Fu, 2008; Lu and Kuo, 2012) . In comparison with the control group, LDL-C difference between follow-up and baseline in the Tai Chi group demonstrated no significant change (REM: WMD −1.61 mg/dl; 95% CI −16.25 to 13.02 mg/dl; P=0.83). The forest plot showed significant inter-study heterogeneity overall (I 2 =92%, P<0.000 01) (Fig. 3) . Results or heterogeneity did not materially change after exclusion of individual studies respectively during the sensitivity test.
Effect of Tai Chi on HDL-C
Five RCT trials with 392 participants provided data on blood HDL-C (Tsai et al., 2003; Thomas et al., 2005; Zhang and Fu, 2008; Chen et al., 2010; Lu and Kuo, 2012) . No significant change was found in HDL-C difference between follow-up and baseline in the Tai Chi group, when compared with the control group (FEM: WMD 0.46 mg/dl, 95% CI −0.71 to 1.64 mg/dl; P=0.44). No significant heterogeneity was detected (I 2 =39%, P=0.16) (Fig. 4) . Exclusion of individual studies did not materially alter results. Exclusion of the trial conducted by Lu and Kuo (2012) or Zhang and Fu (2008) increased heterogeneity across the studies with the same level (I 2 =54%, P=0.09). (Tsai et al., 2003; Thomas et al., 2005; Lam et al., 2008; Zhang and Fu, 2008; Chen et al., 2010; Lu and Kuo, 2012) . The aggregated results of these trials suggested that Tai Chi was associated with a significantly decreased blood lipid TG level difference between follow-up and baseline (REM: WMD −16.81 mg/dl; 95% CI −31.27 to −2.35 mg/dl; P=0.02). A significant heterogeneity was detected (I 2 =70%, P=0.005) (Fig. 5) . Notable heterogeneity remained when individual trials were excluded except for the trial conducted by Thomas et al. (2005) (I 2 =0%; P for heterogeneity is 0.89).
Discussion
This meta-analysis systematically pooled RCTs with PEDro score more than 3 points to clarify the effect of Tai Chi on lipid profiles. It revealed that practicing Tai Chi could significantly reduce TG. A trend to benefit TC reduction was also observed. As far as we know, the present meta-analysis is the first to investigate the effect of Tai Chi on lipid profiles from RCTs of higher quality.
Tai Chi has been used to improve cardiovascular health for centuries. Scientific evaluation of Tai Chi on lipid profiles has been going on for decades. Channer et al. (1996) revealed that Tai Chi was related to better long-term blood pressure control than aerobic exercise in post-myocardial infarction patients. It was postulated that Tai Chi played a primary or complementary role in primary and secondary prevention in cardiovascular disease, and that improving lipid profiles could be one of the mechanisms (La Forge, 1997). Tsai et al. (2003) conducted the first RCT of Tai Chi on blood lipids in patients with high normal blood pressure and stage I hypertension patients. Twelve weeks of Tai Chi training significantly decreased the serum TC, LDL-C and TG levels, and increased HDL-C by 4.7 mg/dl from the baseline. No significant change was found in the sedentary life style control group. The beneficial effects of Tai Chi on lipid profiles were confirmed by the trial conducted by Zhang and Fu (2008) . In the trial conducted by Chen et al. (2010) , Tai Chi practicing significantly decreased TG and increased HDL-C with no significant effect on TC in comparison with the baseline. Thomas et al. (2005) compared the difference between follow-up and baseline between Tai Chi intervention and a control group, and no significant effects of Tai Chi on lipid profiles were observed. Comparable results were found in the trial of Lam et al. (2008) . The limited number of participants in the studies could explain the differing results. Studies with low PEDdro score (Si, 2006; Sha, 2007; Zhou, 2007; Gong et al., 2009; Zhang and Zhang, 2011; Meng, 2014; Shi et al., 2014) were excluded, mostly due to no description on ethical approval, randomization or concealment. Interestingly most studies with lower quality revealed that Tai Chi significantly decreased TG, TG, and LDL-C, and increased HDL-C in varied populations (Si, 2006; Sha, 2007; Zhou, 2007; Gong et al., 2009; Zhang and Zhang, 2011; Meng, 2014; Shi et al., 2014) . With a thorough synthesis from qualified RCT, we found that Tai Chi decreased TG, showed a trend to decrease TC, and had no significant effect on LDL-C or HDL-C in the given time. Interestingly, a newly published metaanalysis (Cai and Zou, 2015) synthesized RCTs of aerobic exercise, mostly lasing for 12 and 24 weeks, on blood lipid profiles in obese or overweight adults. The analysis showed that only TG level was significantly decreased, which is comparable to our findings. The trials included in our meta-analysis were of relatively short duration, mostly within three months (Tsai et al., 2003; Zhang and Fu, 2008; Chen et al., 2010; Lu and Kuo, 2012) . The results coincided with the fact that in comparison with TG, LDL-C and HDL-C needed a longer time to change by the means of exercise and complementary intervention (Franklin et al., 2014; Gordon et al., 2014; Noland, 2015) . The baseline LDL-C and HDL-C levels were nearly normal, which increased the difficulty in evaluating the treatment effect of Tai Chi on dyslipidemias. Furthermore, substracting the baseline value from the follow-up led to smaller numerical scale and possibly larger SD, which statistically required more participants and longer duration.
Tai Chi improved the lipid profiles resulting from the beneficial effects of inherent exercise enhanced by traditional Chinese qi lead and meditation. Beebe et al. (2013) revealed that Tai Chi exercise was associated with improvements in LDL-C particle size in obese older women. Tai Chi practicing comprises aerobic exercise and resistance exercise, increasing the whole body fat oxidation, adipose tissue lipolysis and fatty acid utilization by skeletal muscle, mobilizing lipid from adipose tissue, liver and intramuscular reserves, dictating tissue fatty acid uptake, intracellular lipid delivery and mitochondrial β-oxidation, coordinating activation of the sympathetic nervous system and induction of energy deficit-sensing pathways, promoting energy expenditure via heightened TG/FA cycling, inducing energy-sensing pathways such as adenosine 5'-monophosphate (AMP)-activated protein kinase (AMPK), activating peroxisome proliferator-activated receptor delta (PPARD)-mediated remodeling of lipid metabolism pathways in muscle, and increasing adiponectin level with strong anti-atherogenic and anti-inflammatory effects (Chang et al., 2011; Franklin et al., 2014; Gordon et al., 2014; Noland, 2015) . The possibility that the change of body fat ratio and insulin resistance might have an influence on lipid profiles should also be considered (Kohno et al., 2000) .
Limitations of this meta-analysis should be acknowledged. Firstly, the included RCTs generally had a modest number participants and limited follow-up. Secondly, the meta-analysis did not report treatment effect systematically, such as by risk stratification. The included participants were of low to medium cardiovascular risk. The baseline lipid profile characteristics were close to normal. Thirdly, some participants were on lipid-lowering medication, though they were asked to maintain the identical agent and dosage during the follow-up. Fourthly, the diversity of Tai Chi exercise prescription in the included studies, including the type, exercise duration, and the frequency, limits the ability to make firm conclusions. Fifthly, participants in the Tai Chi groups might have higher expectations of the treatment results since double blind was practically unavailable, and bias of assignments' awareness was inevitably introduced. The limitations, together with obesity, diet and baseline lipid profile characteristics, remained the origin of heterogeneity across the trials. Focusing on these aspects may be of interest for future research on the subject.
Despite its limitations, our meta-analysis still remains clinically valuable. The findings suggest that Tai Chi decreases TG and probably TC, and could be a valuable addition to a lipid-lowering program. The exercise intensity is low to moderate, which is eligible and feasible for the elderly. Tai Chi has multidimensional effects, which benefits the individuals with multiple risk factors and diseases. It remains promising to integrate Tai Chi into current and future health care to treat dyslipidemias.
Conclusions
Our meta-analysis is the first to comprehensively examine the effect of Tai Chi on lipid profiles with RCTs. It suggests that Tai Chi practicing is associated with improvement of blood lipid profiles. Tai Chi exercise significantly lowers TG level and shows a tendency to decrease TC level. Overall, there remains a need for larger, longer, higher quality trials to address the relationship between a Tai Chi exercise regimen (intensity, amount, duration) and lipid profile change.
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